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The physiological basis of thirst
JAMES T. FlTzsIMoNs
The Physiological Laboratory, Cambridge, England
Water is so much a part of life that it is impossible
to imagine a terrestrial organism not provided with
mechanisms to ensure sufficient supplies. Among the
truly terrestrial vertebrates, the mammals, birds and
reptiles have well defined, albeit incompletely worked
out, mechanisms of thirst. The amphibia in general
do not drink but they absorb water according to need
across the skin, It is not clear whether they have a
"water drive" activated by dehydration which would
be analogous to thirst in the higher vertebrates, but
despite mainly negative reports it seems probable that
some amphibians, at least, do seek out water when
they are dehydrated. It is interesting that prolactin,
which has the effect of inducing immature newts to
seek water and assume their reproductive form, has
been reported to cause thirst and salt craving in hu-
man volunteers [1] and retention of sodium and wa-
ter without compensatory reduction of either saline
or water intake in rabbits [2]. The prolactin-induced
"water drive" effect in the newt may have little to do
with water balance since its purpose is almost cer-
tainly mainly reproductive. Nevertheless, such behav-
ior, the burrowing that amphibia inhabiting the arid
regions engage in in order to reach the damp subsoil,
as well as the numerous reports that amphibia seek
water, suggest that amphibia may experience a sen-
sation akin to thirst in the higher vertebrates when
dehydrated [3].
Even among the fish there appear to be situations
where drinking of water is provoked by need. In sea
water the eel, a catadromous teleost, like other ma-
rine teleosts, drinks continuously in order to replace
the water lost by osmosis across the body surface, but
as soon as it enters fresh water it stops drinking.
However, in fresh water it can be made to drink by
infusing hypertonic saline (a cellular stimulus to
thirst) or by removing blood (an extracellular stimu-
lus to thirst) [4]. The eel therefore resembles the
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mammal in showing drinking behavior in response
to both cellular and extracellular dehydration. Un-
like the mammal, drinking by the eel appears to be
reflex since it continues after removal of the pros-
encephalon and mesencephalon. There is little pur-
pose in discussing whether the fish experiences thirst,
a conscious sensation, or whether the act of drinking
is entirely unconscious. Since the fish lives in water,
the neural mechanisms needed to ensure that enough
is drunk could be simpler than in a terrestrial animal
where the much more complicated behavior of first
seeking and then ingesting water is required. It is this
complexity of behavior that could account for the
encephalization of drinking in the terrestrial animal.
What is important is that the fishes have already
evolved the neural organization and other mecha-
nisms necessary to induce intake of water in states of
dehydration.
The progression during phylogeny from essentially
reflex drinking in the fish to the much more com-
plicated behavior of seeking and consuming water
shown by the terrestrial vertebrates is reflected in
the ontogeny of drinking behavior [5]. Six-day-old
suckling rats made thirsty by cellular or extracellular
dehydration will readily swallow water placed in the
mouth, but they are not capable of seeking water for
themselves. They therefore resemble freshwater fish.
When they are two weeks older, however, they show
the same water-seeking behavior as thirsty adults.
The development of adult drinking behavior does
not appear to depend on individual postnatal experi-
ence though it is conceivable that quantitative differ-
ences between adults may stem from different post-
natal experiences to deficits.
The stimuli to thirst
The ways in which animals can be made to drink
are numerous. One commonly used classification dis-
tinguishes between primary and secondary drinking
[6]. In primary drinking there is a relative or an
4 Filzsimons
absolute lack of water in one or other of the fluid
spaces of the body and drinking can reasonably be
attributed to this deficit, whereas in secondary drink-
ing the relation between drinking and need for water
is certainly less immediate and may be altogether
absent.
In primary or need-induced drinking, there appear
to be two main regulatory signals, one emanating
from the cellular compartment and the other from
the extracellular. Cellular dehydration is probably
detected by osmoreceptors and extracellular deficits
by stretch receptors in the capacitance vessels in the
thorax and possibly elsewhere as well (see following).
Cellular dehydration could account for drinking in
the following circumstances: (I) water deprivation,
(2) administration of hypertonic solutions of solutes
that do not enter the cells and (3) potassium de-
pletion. Extracellular dehydration-induced drinking
follows: (I) hemorrhage, (2) sodium depletion, (3)
vomiting, (4) diarrhea and (5) removal or sequestra-
tion of extracellular fluid by various means.
Paradoxically, though drinking in response to defi-
cits of water is of the utmost evolutionary importance
in the colonization of dry land, the mechanisms set in
action by such deficits are not usually responsible for
drinking when water is freely available and climatic
and other conditions are stable. The amounts of wa-
ter consumed vary according to diet and activity and
also, to some extent, from one individual to another
and are practically always in excess of need. Such
drinking is therefore secondary but it is geared to the
anticipated future water requirements of the animal.
Drinking is not induced by an existing need for wa-
ter as in primary drinking. The mechanism of such
drinking is unknown but it seems to depend on oro-
pharyngeal cues and to have the characteristics of an
autonomous circadian rhythm entrained with but in-
dependent of other rhythms such as activity and feed-
ing [6]. It is an advantage to the animal to obtain its
water supplies in this way since it ensures a reason-
able surplus of water for most of the time; by making
the animal drink at mealtimes, it is economical of
time and there are fewer occasions on which the
animal is open to attack by its predators.
In many of the procedures that we use in order to
induce drinking behavior, we do not necessarily ac-
tivate a physiological mechanism in its entirety. Elec-
trical stimulation of parts of the brain, or the in-
jection of certain pharmacological agents, may cause
drinking even though there is no fluid deficit present.
In these cases the inputs from the osmoreceptors,
volume receptors and the like are inadequate to acti-
vate the neurones in question. Therefore, stimulation
is affecting a fragment only of the complete mecha-
nism and this in a most unusual way. it is of course
astonishing that the behaviour induced by such blun-
derbus methods appears to be so normal.
The kidney anddrinkingbehavior
It is quite misleading to consider thirst in isolation
from other controls of body fluid. In particular, the
kidney may influence drinking responses in at least
three ways.
First, the kidney affects the amount of water in the
body. A stimulus to drinking that is also antidiuretic
may be apparently less dipsogenic than a stimulus
which does not inhibit urine flow or which actually
causes an increase in urine flow. Nevertheless, the
former may be the more powerful stimulus because
drinking occurs despite retention of water. A diuretic
may cause drinking secondarily to urinary water loss,
though it may in fact have no direct action on thirst
mechanisms. A good example of a substance that is
both dipsogenic and antidiuretic is the i3-adrenergic
agent isoproterenol (isoprenaline) [7]. It is evident
from Fig. I that the rat drinks copiously for about
one hour after injection of isoproterenol but despite
the large resulting water load the expected increase in
urine flow is delayed. In contrast, the increased water
intake that follows administration of the diuretic sub-
stance frusemide appears to be the consequence of
the increased urine flow, since drinking does not oc-
cur until there is a substantial negative fluid balance.
Controls IsoprenalineN=6 25pg/kg
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Fig. 1. The cumulative intake of water (unfilled columns) and output
of urine (cross hatched columns) of groups of rats injected with
isotonic saline, isoproterenol orfrusemide (Fitzsimons and Richards,
unpublished data).
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drinking. It has been established that the nephrecto-
mized rat drinks more water in response to a hyper-
10 tonic solution of an osmotically effective substance
than does a normal rat, and in fact retains enough
water to dilute the injected solute to isotonicity [8]
(Fig. 2). The reason for the difference between the
5 nephrectomized rat and the rat with functioning kid-I neys is that while the latter is drinking in response to,for example, hypertonic saline, some of the salt is
I
being excreted in the urine. As drinking is a fairly
leisurely process, by the time it is coming to an end
0' there will be less salt remaining in the body. There-
fore, the final amount of water that needs to be drunk
and retained in the body will be less than in the
nephrectomized animal where perforce all the in-
jected salt remains in the body. The increased em-
10 phasis on drinking if excretion be prevented by
nephrectomy has its counterpart in the more rapid
excretion of a salt load in an animal that is prevented
from drinking (Fig. 3). Normally there is a com-
promise between drinking and excretion in response
5 to a salt load, that varies among individuals. Some
8
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Fig. 2. The amounts of water drunk by (a) normal rats and (b)
nephrectomized rats after injection of hypertonic NaCI (0 •) or 2
hypertonic sucrose (ill U). and their changes in weight in six hours. E
The broken line in the lower graph delineates the calculated 1
changes in weight required to dilute the hypertonic injection to 0
isotonicity assuming no excretion. The vertical bars are twice the
SEM and the number of results are given in parentheses. (Reprinted
with permission from [81.) 8
A secondary increase in sodium appetite also occurs. 6
Isoproterenol is a true dipsogen acting partly through
the renin-angiotensin system, the activation of which
causes increased thirst as will be discussed shortly, :
whereas frusemide is not. Indeed, why frusemide (3 E 2
should be such a poor dipsogen in view of its dehy- 1
drating action and effect on plasma renin concentra- 0
tion is puzzling.
A second way in which the kidney may influence
drinking is by affecting the amount of solute in the
body. Some osmotic diuretics do not stimulate thirst
mechanisms directly but are dipsogenic because they
are dehydrating. Glucose and urea are examples of
substances that act mainly in this way. On the other
hand, the dipsogenicity of a hypertonic solution that
does stimulate thirst mechanisms directly may be re-
duced by excretion of solute while the animal is
(6)
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Fig. 3. The cumulative amounts of water drunk (where applicable),
urine flow, sodium excretion and potassium excretion of groups of
rats allowed continuous access to drinking water (.—), or pre-
vent ed from drinking throughout the experiment (0 . - - 0), after i.p.
injection of three d(fferent doses of hypertonic saline at 0 hr. The three
doses of hypertonic saline injected were 0.57, 1.15 to 1.16 and 1.66
to 1.68 mmoles/l00 g of body wt. Control measurements (c) are
from the same rats injected with isotonic saline. All values are the
means of five observations and the vertical bars are twice the SEM
(Fitzsimons, unpublished data).
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animals drink copiously and excrete the diluted salt
at leisure. Others drink less and as the result of a
brisk diuresis excrete the salt more rapidly in hyper-
tonic urine. These two types of response were called
minimal internal regulation and maximal internal
regulation, respectively, by Kanter [9].
The third way in which the kidney may influence
drinking is through the renin-angiotensin system
which will now be discussed.
The renal renin-angiotensin system and water intake
It has become increasingly clear during recent
years that angiotensin has potent effects on the cen-
tral nervous system, including stimulation of drink-
ing behavior. Control of drinking is at least as im-
portant in the regulation of body fluids as control of
excretion so that this new role for the renin-angioten-
sin system, if substantiated, adds to the system's im-
portance in fluid and electrolyte homeostasis.
The evidence that the renin-angiotensin system is
involved in drinking in response to extracellular de-
hydration is as follows [10]: (1) Many stimuli which
release renin also cause thirst. (2) Drinking in re-
sponse to some extracellular stimuli is attenuated or
abolished by removal of the endogenous source of
renal renin by nephrectomy, but this reduction does
not occur when the animal is made anuric by ureteric
ligation [11, 12]. (3) There is a potent dipsogenic
substance in the cortex of the kidney which appears
to be identical with renin [11]. (4) Angiotensin II
infused i.v. causes the water-replete rat to drink.
The response is unaffected by adrenalectomy and is
greater in the nephrectomized animal [13]. (5) In-
jection or infusion of any of the components of the
renin-angiotensin system (renin, renin substrate, ang-
iotensin I and angiotensin H) into the anterior fore-
brain causes the water-replete animal to drink [10,
14]. (6) All mammals so far tested (including the rat,
rabbit, gerbil, goat, cat, dog and monkey) drink wa-
ter in response to intracranial angiotensin. The pi-
geon and iguana also respond [10]. (7) Thirst may be
a striking sympton in some patients with chronic
renal failure and malignant hypertension, and this
may be relieved by bilateral nephrectomy [15,16].
To explain these findings it was suggested that an
extracellular deficit of fluid causes a change in sen-
sory information from stretch receptors in the tho-
racic low pressure circulation, which results in the
activation of various limbic structures involved in
thirst and drinking [17] (Fig. 4). The. same deficit
causes increased renin secretion and generation of
angiotensin 11 which acts directly on the brain where
it may stimulate drinking in its own right, but, more
likely, it sensitizes thirst neurones to altered sensory
inputs from the capacitance vessels. In support of
the latter view is the observation that i.v. infusions
or intracranial injections of angiotensin II cause ad-
ditional amounts of water to be drunk by animals
subjected to a cellular or an extracellular stimulus to
thirst at the same time that the angiotensin is admin-
istered [10, 13, 18, 19].
The structures in the brain that seem to be the
most sensitive to the dipsogenic action of angiotensin
are two cerebral periventricular structures, the sub-
fornical organ [20] and the organum vasculosum of
the lamina terminalis in the wall of the anterior third
ventricle [21, 22]. For the subfornical organ, the
threshold dose for drinking, defined as that at which
one-half of the injected animals drank, was 0.1 to 1.0
pg. After destruction of the organ or infusion of the
competitive receptor blocker of angiotensin II, sa-
ralasin acetate (P1 13, Norwich), into it (20 ng/min
for 30 mm), drinking in response to i.v. infusion of
angiotensin (8 to 128 ng/min for 17.5 mm) was at
least temporarily prevented [23]. However, the ab-
olition of angiotensin-induced drinking after sub-
fornical lesioning lasts only for a week or so, after
which there is recovery [24]. It is unlikely that the
Extracellular hypovolia
Stretch receptors
in low pressure
circulation
Fig. 4. Possible mechanisms for drinking caused by
extracellular dehydration. In addition to increased
drinking of water, there is also a delayed increase in
Na appetite, not indicated on the figure. (Reprinted
with permission from [17].)
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subfornical organ is the unique dipsogenic receptor
for angiotensin and there is now increasing evidence
that the anterior wall of the third ventricle is also
sensitive. What the experiments on the subfornical
organ have shown is that angiotensin is a dipsogen in
doses that are physiological and that the sensitive
structures are accessible to blood-borne hormone.
Since both the subfornical organ and the organum
vasculosum of the lamina terminalis are highly vas-
cularized, it seemed possible that the dipsogenic ac-
tion of angiotensin is mediated by an effect on blood
vessels in these structures. We found that in the rat,
injection of vasoplegics such as papaverine, NaNO2,
sodium nitroprusside or prostaglandin E2 into the
subfornical organ or the antero-inferior part of the
third ventricle blocks the dipsogenic action of angio-
tensin II injected through the same cannula prac-
tically completely without diminishing that of carba-
chol, another intracranial dipsogen [22] (Fig. 5). This
selective antagonism to angiotensin shown by vaso-
plegics and the fact that the regions in the brain most
sensitive to the dipsogenic action of angiotensin are
periventricular vascular structures support a hypoth-
esis that drinking induced by angiotensin is brought
about by reduced filling of blood vessels in these
periventricular structures. Further support for this
hypothesis is that a great variety of substances which
have little in common save an action on blood ves-
sels, vasoconstrictor or vasodilator cause some drink-
ing, though none approach angiotensin in efficacy.
Nicolaldis and I have recently speculated that the
mechanism of action of the various vasoactive agents
is by mechanical deformation of a vascular cavern-
ous structure which may be regarded as a mecha-
noreceptor for thirst [22]. Any form of deformation
of these structures will cause thirst, and it is inter-
esting in this regard that the acute removal of a small
amount of cerebrospinal fluid induces some drinking
after a short latency [25]. However, the adequate or
physiological stimulus to these cavernous structures
is deformation produced by reduced filling as occurs
in hypovolemia or in consequence of angiotensin-
induced vasoconstriction in the structure itself. We
have suggested that the periventricular vascular struc-
tures are in fact extracellular volume receptors though
not necessarily the only ones.
Cerebral renin-angiotensin system and water intake
The finding that renin, renin substrate and angio-
tensin I are at least as effective intracranial dipsogens
as angiotensin II is surprising [14]. The discovery of
an intrinsic renin-angiotensin system in the brain [26,
27] provided an explanation of this; the cerebral sys-
tem would ensure the local generation of angiotensin
II when components of the renin-angiotensin system
other than angiotensin II itself were injected. By in-
jecting antibody to angiotensin II or peptide antago-
nists of the reactions that lead to the generation of
angiotensin II just before injecting one of the differ-
ent agonists through the same intracranial cannula, it
has been possible to test this explanation [28, 29]
(Fig. 6). The results were as follows. (1) Pepstatin, an
inhibitor of the renin-angiotensinogen reaction, sig-
nificantly reduced renin- and renin substrate-induced
Fig. 5. The mean amounts of water drunk by rats
with permanent cannulae either in the anterior third
ventricle or in the subfornical organ after injection
of angiotensin 11 or carbachol preceded by 0.9%
NaCI (I to 4Ml). papaverine (53 to 318 X 10
moles), Na NO2 (20 to 40 X 10 moles) or sodium
nitroprusside (10 to 100 X JO-' moles) given through
the same intracranial cannula. The doses of dipsogen
are given on the abscissa. The vertical bars are
twice the SEM and the numbers of experiments are
given in parentheses. The levels of significance
are, the comparison being made with the dose of
50 ng in the case of angiotensin: *D < 0.05,
**D < 0.01 and *** < 0.001. NS, not significant.
(Reprinted with permission from [22].)
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drinking but had no significant effect on angiotensin
II- or carbachol-induced drinking. (2) The convert-
ing enzyme inhibitor SQ 20881 significantly reduced
renin-, renin substrate- and angiotensin I-induced
drinking, but actually enhanced angiotensin Il-in-
duced drinking. (3) The competitive antagonist of
angiotensin II, saralasin acetate, blocked renin-, re-
nm substrate-, angiotensin I- and angiotensin Il-in-
duced drinking without affecting carbachol-induced
drinking. (4) Angiotensin II antiserum prevented
angiotensin lI-induced drinking and attenuated the
responses to angiotensin I and renin substrate.
It appears, therefore, that drinking in response to
components of the renin-angiotensin system injected
intracranially is mediated by local generation of angi-
otensin II, the cerebral system providing the enzymes
needed to convert the injected substances into angio-
tensin II.
The physiological function of the cerebral renin-
angiotensin system and its relationship to the renal
system are uncertain. Angiotensin II has been found
in higher concentration (90 pg/rnl) in the cerebrospi-
nal fluid than in plasma (30 pg/mI), and its concen-
tration rose markedly after nephrectomy which, of
course, removes renal renin [30]. Procedures that ele-
vate the circulating angiotensin concentrations (hy-
povolemia, isoproterenol, i.v. angiotensin) depress
the cerebrospinal fluid concentrations. There is there-
fore a reciprocal relationship between blood-borne
and cerebrospinal fluid angiotensin. Blood-borne
hormone apparently does not enter the cerebrospinal
fluid but evokes drinking by acting on the highly
vascular periventricular structures as already de-
scribed. Nevertheless, intraventricular injection of
angiotensin is extremely effective at eliciting thirst
also apparently by acting on the same periventricular
structures. Drinking in response to the intracranial
injection is such a striking phenomenon and the be-
havior elicited so normal it seems highly probable
that activation of the cerebral renin-angiotensin sys-
tem may in some way enter into the control of drink-
ing. It is conceivable that the renal system is a back-up
emergency mechanism activated when extra-cellular
deficits are large.
Angiotensin-induced drinking and central nervous cholinergic
and monoaminergic system
Angiotensin interacts with neurotransmitter sys-
tems in the brain that have been implicated in inges-
tive behavior. It releases acetylcholine from cere-
bral cortical tissue, a known intracranial dipsogen in
the rat, and it also releases or interferes with the
uptake of noradrenaline, which has been implicated
in eating and in sodium appetite. Angiotensin-in-
duced drinking is not mediated by cholinergic mecha-
nisms to any important extent because atropine in
doses which abolish carbachol-induced drinking does
not affect the angiotensin response [31]. On the
other hand the evidence for involvement of cate-
cholaminergic mechanisms is stronger [31]. (1) The
distribution of angiotensin and noradrenaline in the
brain are closely correlated. (2) Angiotensin-induced
drinking is markedly reduced by pretreatment with
intracranial 6-hydroxydopamine, which destroys cat-
echolaminergic nerve terminals, whereas carbachol-
induced drinking is unaffected. (3) Neither angio-
tensin-induced nor carbachol-induced drinking is
significantly reduced by intracranial injection of a- or
3-adrenergic antagonists, but the dopamine antago-
nist haloperidol abolishes angiotensin-induced drink-
ing without affecting carbachol-induced drinking. (4)
Noradrenaline attenuates drinking induced by cellu-
lar dehydration and carbachol but does not affect
drinking caused by extracellular thirst stimuli or ang-
iotensin. (5) Intraventricular administration of dopa-
mine (260 to 520 nmoles) causes some drinking in the
water-replete rat. (6) Intracranial administration of
I
Fig. 6. The sites of action of anti-angiotensin II
and of peptide antagonists of the renin-angio-
tensin system. (Reprinted with permission from
1101.)
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noradrenaline also frequently causes a burst of drink-
ing before the animal starts to eat.
There seems to be a functional relationship be-
tween angiotensin and central catecholaminergic
mechanisms, probably dopaminergic, in the control
of water intake. A further indication that dopamine
plays a permissive role in water intake is the fact that
pharmacologically produced variations in dopami-
nergic transmission affect the water to food ratio of
the rat's intake after overnight starvation. Haloperi-
dol, which blocks dopaminergic transmission, de-
presses the water to food ratio, whereas increasing
the dopamine concentrations by inhibiting dopamine
3-hydroxylase with FLA-63 and giving levodopa in
addition increases the ratio [31].
The catecholaminergic systems are certainly less
specific in their function than the renin-angiotensin
system, being responsible for aspects of behavior
common to a number of regulations. These aspects
may well be arousal, nonspecific activity and the act
of ingestion. Activation of the renin-angiotensin sys-
tem would direct this behavior towards drinking,
probably of water and possibly also of sodium, but
other factors would direct the behavior towards
food. The renin-angiotensin system(s) will probably
turn out to be the principal regulatory system for
extracellular fluid volume. Effects on blood pres-
sure, aldosterone secretion, intestinal absorption,
vasopressin release, as well as on drinking and pos-
sibly sodium appetite are directed to the same end,
the maintenance of extracellular fluid (Fig. 7).
Clinical disturbances in thirst
Clinically, thirst and increased intake of fluid may
mean a normally functioning thirst mechanism re-
sponding to dehydration or they may indicate an
abnormality of the thirst mechanism itself which re-
sults in excessive drinking. In addition, when water is
freely available and intake does not match water
losses, it must be supposed that there is some distur-
bance in thirst or in the signals generating it. Dimin-
ished or absent thirst results in progressive dehy-
dration. When drinking exceeds water losses, there
will be progressive accumulation of fluid and possibly
water intoxication if the water is not accompanied by
appropriate solute.
It is not difficult to recognise the more extreme
forms of excessive thirst. In diabetes insipidus in-
satiable thirst so dominates the patient's existence
that his daily routine is centered on his need for water
and his sleep is disturbed. However, in most cases of
diabetes insipidus the increased drinking is the re-
sponse of a normally functioning thirst mechanism to
urinary loss of body fluid. Actual disturbances of the
thirst mechanisms leading to excessive drinking are
not necessarily as obvious as the sometimes dramatic
polydipsia of diabetes insipidus. Intake of water may
not, in fact, be greater than normal, but drinking of
even small amounts of water is inappropriate if the
intake exceeds the fluid loss. Therefore, in the diag-
nosis of clinical thirst it is not enough to measure
only the amount of water drunk. It is also necessary
to assess any trend in the overall fluid balance by
noting any obvious disproportion between intake and
urine volume and by looking for evidence of clinical
edema.
Disturbances in thirst may be classified as follows:
(1) Symptomatic thirst. This includes all those cases
where thirst results from the loss of body water or
electrolytes. Notable examples occur in severe vomit-
ing (e.g., pyloric stenosis), severe diarrhea (e.g., cho-
lera), true diabetes insipidus (i.e., where there is a
failure to release antidiuretic hormone, AD H), neph-
rogenic diabetes insipidus, diabetes mellitus, certain
forms of chronic renal failure, sodium depletion, po-
tassium depletion and hypercalcemia). In all these
P Renin release
Fig. 7. Angiotensin II, the hormone of blood
volume regulation. The six actions of angio-
tensin listed in the figure help to restore the
blood volume in various hypovolemic states.
Some of these actions are direct (e.g., the
stimulating action of angiotensin on thirst).
Others are indirect (e.g., the action of angio-
tensin in promoting Na retention by the kid-
ney is mainly mediated by aldosterone). Yet
other actions are complex and not fully worked
out (e.g., the action of angiotensin on Na
appetite may be partly brought about by
aldosterone though there is also the possibility
of a direct effect of the octapeptide on nervous
centers).
Hypovolemia Angiotensin II
Redistribution of
blood & mobilization
of tissue fluid
Thirst
Na appetite
Intestinal Na
absorption
Renal Na
retention
ADH release
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Table 1. Some hypothalarnie derangements of ADI-I secretion and thirst8
Rise in urinary osmolality
ADH secretion Thirst sensation Polyuria and polydipsia Serum sodium after water deprivation
Absent Normal Present-classical
diabetes insipidus
Normal Absent
Normal Diminished or absent Absent Elevated Normal
Absent Absent Absent Markedly elevated Absent
Elevation of osmotic Normal Present Normal Only after development of
threshold for ADH release marked hypernatremia
Elevation of osmotic Diminished or absent Absent Elevated Only after development of
threshold for ADH release marked hypernatremia
Modified slightly from Mahoney and Goodman [34].
cases the thirst mechanism is functioning normally,
and polydipsia is a physiological response to dehy-
dration. The water is actually needed.
(2) Pathological thirst. The patient is thirsty despite
the fact that the body is normally hydrated or even
overhydrated. The thirst mechanism is therefore di-
rectly and inappropriately activated. Examples of
pathological thirst are as follows: primary polydipsia
caused by continued irritation of the thirst neurones
by tumor, trauma, inflammation, etc.; compulsive
water drinking; stimulation of neural thirst systems
by high plasma renin concentrations; possible direct
stimulation of centers in hypercalcemia or in hy-
pokalemia; drinking during the onset of edema in
congestive heart failure. Thirst in edematous states
is interesting because it implies that the mechanisms
that control water intake are being provided with
misleading information about the fluid status of the
body. Edema fluid represents an excess of intake
over loss, and though the kidneys are at fault in not
excreting sufficient water and electrolyte, the con-
tinuing intake indicates inappropriate activation of
thirst mechanisms. It has been reported that patients
with congestive heart failure sometimes show intense
thirst [32]. It also seems that the increased drinking
that occurs after thoracic caval constriction in the
dog may be the cause of the edema that follows this
procedure, because if the dog be prevented from
drinking, fluid does not acculmuate [33]. This obser-
vation may well have therapeutic implications in the
management of edema in congestive heart failure.
In most cases of pathological thirst, it must be
recognized that the body fluids are often normal, that
thirst does not indicate a need for water and that
continuing excessive intake may be harmful leading
to complications such as edema and water intoxica-
tion.
(3) Hypodipsia. In the absence of thirst the kidney's
capacity for water conservation is easily exceeded
resulting in hypertonic dehydration. If, as is usually
the case, the pathological process affects the supra-
opticohypophyseal system as well as the thirst cen-
ters, the accompanying diabetes insipidus exacerbates
the dehydration and makes the clinical management
extremely difficult. The cause of the hypodipsia is
usually a slowly growing tumor (e.g., craniopharyn-
gioma, ectopic pinealoma or germinoma, glioma),
SchUller-Christian disease or trauma. Several de-
rangements of thirst and ADH secretion that can
cause abnormalities of water metabolism have been
described [34] (Table I). Where the ADH secreting
mechanism is functioning normally, chronic dehy-
dration and hypernatremia resulting from inadequate
water intake can be satisfactorily dealt with by in-
sisting that the patient drinks enough water. When
hypodipsia complicates classical diabetes insipidus or
ADI-I reset, the problem is more difficult but chlor-
propamide has been found useful because it has the
dual action of improving renal concentrating abil-
ity and augmenting drinking behavior [35]. Chlor-
propamide is a sulfonyl urea and stimulates insulin
secretion. There is indirect evidence that sulfonyl
ureas increase 3', 5'-adenosine monophosphate (cy-
clic AMP) and this may be the basis of their antidiu-
retic action. It is also conceivable that enhanced thirst
is in some way related to cyclic AMP. The f3-adrener-
gic agent isoproterenol is a potent dipsogen and the
effects of f3-adrenergic stimulation are cyclic AMP
mediated. However, the role if any of cyclic AMP in
the control of water intake is unknown.
Conclusion
The sensation of thirst is basic to our existence but
it is essentially an emergency mechanism the function
of which is to repair an actual deficit of fluid. When
food and water are freely available and climatic
conditions are stable, thirst is probably never ex-
perienced. Drinking is largely anticipatory of future
needs for water and seems to be governed by an
innate circadian rhythm. However, if the normal pat-
tern of drinking does not satisfy the daily needs or if
the organism is subjected to the stress of a dehy-
drating stimulus, it then experiences thirst and is
driven to seek water. Occasionally, the thirst mecha-
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nism provides false information on the body's needs
for water. Hypodipsia may lead to severe dehydra-
tion. On the other hand, drinking sometimes may
continue in the fact of excessive hydration. In this
case a "normal" intake may be greatly in excess of
need and lead to edema. Increased intake of fluid,
however, is not always pathological; polydipsia may
be the physiological response to dehydration and in-
dicates that the thirst mechanism is reacting nor-
mally.
Reprint request to Dr. James T. Fitzsimons, The Physiological
Laboratory, Cambridge, England.
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